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The superiority of the quantitative method for the determination of 
precipitins  developed by  Heidelberger and  Kendall  (1)  over other 
methods for determining antigenic differences in closely related bac- 
teria  suggests  its  application  to  the  brucella group  as  a  means of 
determining differences in the antigens of the three species, namely, 
Brucella melite.nsis, Brucella abortus, and Brucella suis. 
The antigens used were the endoantigens, the preparation and prop- 
erties of which have been previously reported (2).  It has already been 
demonstrated  (3)  that  precipitation  by  the  endoantigens  of  their 
homologous sera proceeds in a manner which may be described by the 
equation developed from the law of mass action, 
nag. antibody  pptd. = 2RS -  A~ S  2  ....................  (1) 
and by the empirical relationship 
antibody  in ppt. = 3R" -  2 A~ ................... (2) 
S  'V  A 
EXPERTM-ENTAL 
Materials.--The  antisera and the endoantigens used in this work were those 
previously described in the study on homologous precipitation.  The nitrogen 
contents of the three endoantigens were 10.19 per cent, 8.56 per cent~ and 3.69 
per cent for Br. suis, Br. abortus, and Br. melitensis respectively. 
* Journal Article, N.S. No. 330.  Michigan  Agricultural Experiment Station. 
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83 TABLE  I 
Total N  Precipitated flora 1 MI. Serum by the Amount  of Endoantigen Indicated 
in I  MI. of Saline unless Otherwise Indicated 
Serum 
Br. melitensis 
Br. suis 
Br. abortus 
0.2  nag. endoantigen 
Br. abortus 
Br. suis 
Br. abortus 
Br. melitensis 
Br. suis 
Br. mditensis 
370C. 2 hrs. 
40C. over- 
night 
mg. 
0.0784 
0.0896 
0.0784 
0.0224 
0.1232 
0.168 
4°C. 
24 hrs. 
mg. 
0.0741 
0.0842 
0.0736 
0.0198 
0.1199 
0.1610 
4°C. 
48 hrs. 
mg. 
0.0773 
0.0871 
0.0790 
0.0212 
O. 1209 
O. 170 
Total vol- 
ume 10 ml. 
37'C, 2 hrs. 
4"C. over- 
night 
mg, 
0.0584 
0.0716 
0.053 
0.005* 
0.073 
0.128 
Difference 
per mL be- 
tween col- 
umns 
3 and6 
rag. 
0.0025 
0.0022 
0.0031 
0.0058 
0.0062 
0,0050 
* Total volume 5 ml. 
TABLE  II 
Suis Antiserum +  Abortus Endoantigen 
BoA  BeAN  BcAN  Total N  &ntibody  Ratio  Anti- 
added  added  pptd.  pptd.  N pptd  ~lcA  ~  body  pptd. 
mg.  mg.  fag.  mg.  mg.  mg, 
).05  0.0042  Total  0.0238  0.0196  4.66  0.122 
).10  0.0085  "  0.0447  0.0362  4,25  0.225 
).15  0.0128  "  0.0634  0.0506  3,95  0.316 
).20  0.0171  "  0.0784  0.0613  3.58  0,383 
).30  0.0256  "  0.1009  0.0753  2.94  0.471 
).50  0.0428  "  0  1274 0.0846  1.98  0.528 
3.70  0.0599  3.0586"0.1400  0.0814  1.39  0.508 
.00  0.0856  3.0784  0.1492  0.0708  0.901 0.443 
1.20  0.1027  D.0970 0.1644  0.0674  0.69  0.421 
.50  0.1284  3.1224  0.1926  0.0702  0.571  0.438 
2.00  0.1712  D.1652  0.2344  0.0692  0.41  0.432 
Antibody 
pptd. 
Ratio  Tests on super- 
A/BcA  Calc.  Calc,  natant 
by  by 
Equa-  Egua- 
tion  tton 
(1)  (2) 
mg.  mg. 
2.44  3.1170.127  Excess  antibody 
precipitable 
by  BcA 
2.26  3.2240.225  "  " 
2.10  3.3120.305  "  " 
1.91  ).3860.369  "  " 
1.57  3.4860.459  Neither  anti- 
body nor  en- 
doantigen 
1.05  0.515  "  " 
0.741  Excess BcA 
0.48;  "  " 
0.37:  "  " 
0.30~  "  " 
0.22,  "  " 
Equation (1):  mg. A  pptd.  ---  2.55  (BcA)-  3.10  (BoA)S; A  =  0.520 nag. 
A 
Equation (2):  BccA  in ppt. --- 3.25  -  3.14 ~  BcA --- 0.476; A  ffi 0.519 nag. 
Maximum antibody pptd. by homologous antigen  --- 0.751 nag. 
* Duplicate not run. 
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Effect of Temperature and Dilution on Antibody Precipitcged by Endo- 
antigens of Brucella from ttaerologous  Brucdla Antisera.--The maxi- 
mum precipitation of nitrogen by a given amount of antigen has been 
found  to  occur  at  different  temperatures  for  different  precipitin 
systems.  It  has  also  been  found that  the precipitates  of different 
precipitin systems have differing solubilities.  It was thus necessary 
to determine these factors for each of the heterologous systems studied. 
These data are presented in Table I. 
TABLE  III 
Suis Antiserum + Melitensis Endoantigen 
BcM 
added 
m&. 
0.05 
0.10 
0.15 
0.20 
0.30 
0.50 
0.70 
1.20 
1.50 
2.00 
BcMN 
added 
mg. 
3.001~ 
3.003( 
3.005,  ~ 
3.007, 
3.011( 
3.018~ 
3.025~ 
3.044~ 
3.055. 
3.073~ 
BcMN 
pptd. 
o 
o 
0.0006 
0.0030 
0.OO45 
0.0054 
0.0090 
0.0306 
0.0483 
0.0498 
Total N  Antibody 
pptd____.~  I N  pptd-- 
m&.  [  mg. 
0.00121 0.0012 
0.00211 0.0021 
0.00261 0.0020 
0.0244[ 0.0214 
0.0389[ 0.0344 
0.05281 0.0474 
0.0620[ 0.0530 
0.0920[ 0.0614 
0.0769 0.0286 
0.0556[ 0.0058 
Ratio  Anti- 
IcANMJN body 
pptd. 
mg. 
).007 
).013 
).012 
7.13 ).136 
7.64 ).215 
8.77 ).296 
5.88 ).331 
2.0C ).384 
0.59 ).178 
0.11 ).036 
Ratio [  '/3°7  I 
1.68  [ 
1.76  [ 
2.036 I 
1.35  [ 
0.463[ 
0.136[ 
0,027[ 
Tests on supernatant 
Excess BcM and excess A 
precipitable by BcM 
cl  ~c 
¢c  cl 
ll  gl 
Excess BcM 
¢c  ¢c 
ct  ~ 
Equations not applicable. 
Maximum antibody pptd. by homologous  antigen  = 0.751 mg. 
* Calculated according to inhibition zone method in (ld). 
As with homologous brucella precipitin  systems the precipitation 
of antibody by heterologous endoantigens is complete at 37°C. for 2 
hours followed by 24 hours at 4°C.  In three of the four heterologous 
systems, as in the homologous systems, the solubility of the precipi- 
tates was very slight, and would introduce little error in these studies 
where the volume was constant at 2 ml.  In the other three systems, 
the  precipitation  by  melitensis  endoantigen  of  suis  and  abortus 
antisera  and  the pecipitation  by suis  endoantigen of abortus anti- 
serum,  the specific precipitates proved slightly more soluble.  This 
solubility factor was  considered in  the treatment of these systems. 86  BRUCELLA  PRECIPITIN  SYSTEMS.  II 
Precipitation of Heterologous  Brucella Antisera by the Brucdla Endo- 
antigens.--In Tables II, III, IV, v, vI, and VII are recorded the data 
obtained  by the  addition  of increasing  amounts  of the  endoantigen 
designated to 1 ml. of the indicated antiserum.  The totaivolume was 
2 ml. in each case.  The mixtures were incubated at 37°C. for 2 hours 
followed by 24 hours at 4°C.  The  specific precipitates  were centri- 
fuged, carefully drained, and washed twice with 1 ml. of ice cold saline 
with careful rinsing of the tubes and agitation.  Further washing was 
TABLE  IV 
A bortus Antiserum + Melitensis Endoantigen 
BcM 
added 
mg. 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.50 
1.00 
1.50 
2.00 
BcMN 
added 
:  rag. 
: 0.0018 
0.0036 
0.0055 
0.0O73 
0.0092 
0.0110 
0.0184 
: 0.0369 
i 0.0553 
0.0738 
BcMN 
pptd. 
mg. 
0.0006 
0.0018 
0.0037 
O. 0043 
0.0067* 
0.0080" 
0.0155" 
O. 0287* 
0.0400* 
0.0690* 
Total N 
I  pptd. 
m.g. 
0.0228 
0.0460 
O.05M 
0.1709~ 
0.1165] 
0.0948 
0.0829 
0.0737 
0.0696 
0.0796 
Ratio  Anti-  Ratio 
mtlbodyi  AN/  body  A/BcM  Tests on supeznatant  N DDtd. I BcMN  pptd. 
r~r.  ~  mg.  i 
0.02221  37.001  0.138  8.53  I Excess BcM and excess 
24.55  i  BcMA  precipitable  by 
0.0442l  0.276  5.66  I  "  " 
0.0547l  14.781  0.341  3.41  I  "  " 
0.1666l  38.74  1.0411  8.93  Excess BcM 
0.1098l  16.38  0.686  3.77  "  " 
0.08681  10.851 0.5421  2.so  I  .... 
0.06741  4.3410.421  1.01  I  .... 
0.0450]  1.56]  0.281  0.361]  "  " 
0.0296[  0.74  0.185 0.170[  "  " 
0.0106]  0.15 0.066 0.035[  "  " 
Equations not applicable, 
Maximum antibody pptd. by homologous antigen  =  1.407 mg. 
* Calculated according to inhibition zone method in (ld). 
t Duplicate not run. 
tried but seemed unnecessary.  Nitrogen was determined by a modi- 
fied micro Kjeldahl procedure.  The supernatants were tested for the 
presence of excess antigen and antibody by addition of a corresponding 
fraction  of  antibody  and  antigen  respectively  to  aliquots.  In  the 
regions of excess antigen and in the inhibition zones the excess antigen 
was  usually  determined  by  reference  of  total  nitrogen  precipitated 
from the aliquot of the supernatant, to graphs of total nitrogen precipi- 
tated, plotted against endoantigen nitrogen precipitated in the region TABLE  V 
Abortus Antiserum  +  Suis Endoantigen 
BcS  BcSN  BcSN 
added  added  pptd. 
tag.  mg.  mg, 
).10  0.01020.0040 
3.15  0.01520  0092 
).20  0.0203 0.0152 
).50  0.05090.0260 
).60  0.0611  0.0448 
).80  0.08150.0694 
).90  0.09170.0660* 
.00  0.10190.0938 
.20  10.1222 0.1084 
.50  0.15280.1412 
~.00  0.20380.1898 
Antibody 
pptd. 
Ratio  Anti-  Ratio  Tests on super-  Total N  Antibody AN/  body A/BcS Calc.  Cale.  natant  pptd.  N pptd.  BcSN  pptd.  ]  by  by 
Equa- Equa- 
tion  tion 
fl)  (2) 
I 
mg.  '  rag.  rag.  rag.  rag. 
0.0448  0.040810.2G  0.2556.49  0.2290.253  Excess  A  pre 
cipitable  b, 
BcS  and  ex 
cess BcS 
0.0972  0.0880  9.56  0.5506.09  ).4840.496  .... 
0.1232  0.1080  7.10  0.6754.52  ).7140.693  "  " 
0.1792  0.1532  5.89  0.9573.75  3.9610.911  Excess BcS 
0.1886  0.1438  3.21  0.8982.04  3.8750.918  "  " 
0.2016  0.1322  1.90  0.826 1.21  "  " 
0.1568  0.0908  1.3L  0.5670.876  4,  ,, 
0.1860  0.0922  0.98  0.5760.626  "  " 
0.20161  0.0932  0.85  0.5820.546 
i 
dC 
0.2352  0.0940  0.66  0.5870.423  "  " 
0.2688  0.0790  0.41  0.493 0.265  "  " 
Equation (1):  rag.  A  pptd.  =  6.24  (BcS)  -  9.68  (BcS)2;  A  =  1.005  rag. 
A 
Equation (2):  ~  in ppt.  =  8.32  -  9.40 w  /  BcS; BcS  =  0.347; A  -- 0.963 rag. 
Maximum  antibody  pptd.  by  homologous  antigen  =  1.407  mg. 
* Not run in duplicate. 
TABLE  VI 
Melitensis Antiserum  +  A bortus Endoantigen 
BcA 
added 
rag. 
0.05 
0.10 
0.15 
0.20 
0.50 
0.70 
1.00 
1.20 
1.50 
2.00 
BeAN 
added 
rag. 
0.0043 
0.0085 
0.0128 
0.0171 
D. 0428 
D. 0599 
0.0856 
D. 1027 
9.1285 
~).1712 
BeAN 
pptd. 
rag. 
Total 
c¢ 
#c 
¢c 
.0560 
.0802 
.0975 
.1240 
.1672 
Total  N 
pptd. 
mg. 
0.0448 
0.0560 
0.0672 
0.0784 
0.1008 
0.1124 
O. 1352 
0.1456 
0.1680 
0. 2128 
kntibod¥  ] Ratio 
N pptd.  ]]c/~N 
mg. 
0.0405  9.41 
0.04751 5.58 
0.0544[  4.25 
0.0613[  3.58 
0.05801  1.35 
0.05641  1.OC 
0.0550 i 0.68 
0.0481[  0.49 
0.O440  0.35 
0.0456]  0.27 
Anti- 
body 
pptd. 
mg. 
0.25, 
0:9~ 
0:4( 
0.381 
0.36~ 
0.35~ 
0.34! 
0.30( 
0.27~ 
0.28.: 
Ratio 
~/BcA. 
5.060 
2.96 
2.26 
1.91  I 
0.724[ 
O. 538 
0.366 
O. 263 
0.189i 
0.144 
Tests  on supernatant 
Excess  antibody  preclpi- 
table by BcA 
gc  tt 
Neither A nor BeA 
~t  tt  tc  ~c 
Excess BcA 
tc  c( 
tc  (c 
~  cc 
Equations not applicable. 
Maximum antibody pptd. by homologous antigen  =  0.624 nag. 
* Not mn in duplicate. 
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TABLE  VII 
Melitensis Antiserum  +  Suis Endoantigen 
BcS 
added 
m.g. 
0.05 
0.10 
0.15 
0.20 
0.30 
0.50 
0.70 
1.00 
1.20 
1.50 
2.00 
BeSN 
added 
mg, 
).0051 
).0102 
3.0152 
3.0203 
).0305 
).0510 
3.0713 
3.1020 
3.1222 
3.1528 
3.2038 
BcSN 
pptd. 
rotal 
c* 
*t 
).031 
).046 
)  .049 
).069 
).084 
).112 
total N 
pptd. 
0.005¢ 
0.011"~ 
0.071~ 
O. 089~ 
O. 130~ 
0.078~ 
0.080~ 
0.067; 
0.076I 
0.078~ 
0.067; 
mtibody 
N  pptd. 
mg. 
0.0005 
0.0010 
0.0560 
O. 0693 
0.0999 
0.0474 
O. 0346 
0.0182 
0.0076 
0* 
0* 
Ratio 
AN/ 
BcSN 
0.09 
0.09 
3.68 
3.41 
3.27 
1.52 
0.74 
0.37 
0.11 
Anti-  Ratio 
body  A/BcS  pptd. 
mg. 
~.003  0.06~ 
1.006  0.06; 
~.350  2.33 
t.433  2.16 
~.624  2.08 
~.296  0.97, 
~.216  0.47C 
~.113  0.23¢ 
~.047  0.06! 
0 
0 
Tests on supernatant 
Excess antibody precipi- 
table by BcS 
|1  i~l 
Neither A nor BcS 
Excess BeS 
gl  ll 
¢t  ~c 
Equations not applicable. 
Maximum antibody pptd. by homologous antigen  ---  0.624  rag. 
* No value obtained by either method of calculation. 
TABLE  VIII 
Serum  Endoantigen 
Br. suis  Be. abortu~ 
Be. mditensis 
Be. abortus  Be. suis 
Be. mditensis 
Be.  mdi-  Be. suis 
tensis  Br. aboetus 
Equations 
Applicable 
Not applicable 
Applicable 
Not applicable 
tt  ~¢ 
Equivalence  Inhibition 
zone 
Extended  Little 
"  Complete 
"  Little 
Narrow  Complete 
tt  ct 
Extended  Little 
of antibody excess.  In a  few instances where indicated the method 
of calculating excess nitrogen developed by Heidelberger and Kendall 
in their study of the egg albumin system of  (1 d) was employed.  All 
determinations were run in duplicate unless otherwise indicated. R.  B.  PENNELLAND  I.  F.  HUDDLESON  89 
As in the previously considered homologous precipitin systems all 
figures were transposed  to  milligrams of  antibody  precipitated  by 
milligrams of antigen. 
DISCUSSION 
In Table VIII is presented a r6sum~ of the salient characteristics of 
the heterologous precipitin systems. 
It is evident that there  are a variety of types of cross reaction in 
these precipitin systems,  a  finding in agreement with Heidelberger 
and  Kendall  who  found  varying  types  of  cross  reactions  in  the 
heterologous systems which they studied  (4a, 4b, 4c).  None of the 
brucella systems, however, conform exactly to any of those studied by 
these  authors. 
The similarity of the reciprocal abortus-suis systems to each other 
as well as to the homologous systems (Table VIII, Figs. 1, 2) suggests 
the "combining units" of the two endoantigens to be nearly identical, 
in accord with the reported serological similarity of the two organisms. 
It has been demonstrated by Heidelberger et al. that, as evidenced by 
A 
the declining ~  ratio, there is continued combination of antigen with 
antibody after all antibody has entered into combination; the soluble 
inhibition zone compound containing one more mole of antigen per 
mole of antibody than  the last  insoluble compound.  Since in  the 
abortus Bc-suls antiserum system there appears little specific inhibi- 
tion, it would seem that there are fewer possible combinations for this 
system than for the suls-suis system.  In accord with this, the lower 
combining ratios of the abortus Bc-suis antiserum system suggest that 
the combining unit of abortus endoantigen for suis antiserum is larger 
than that for abortus antiserum, i.e., that abortus endoantigen contains 
fewer reactive groups for suls antiserum than for abortus antiserum. 
The detection of suis endoantigen in all dilutions of the suis Bc-abortus 
antiserum system and the greater solubility or dissociability of the 
precipitate in this system suggest a loose combination of antigen and 
antibody.  Inhibition,  though  occurring  in  this  system,  is  very 
gradual, again suggesting a dissociated combination.  The combining 
units of the two endoantigens might be imagined, as  suggested by 
Wilson and Miles (5), as composed of the same components in slightly 
different proportions.  These  give  rise  to  a  large  amount  of  cross 
reactive antibody and a  small amount of strictly specific  antibody. 90  BRUCELLA PRECIPITIN  SYSTEMS.  II 
These systems  show  some  resemblance  to  the  egg albumin-anti-dye 
system studied by Heidelberger and Kendall (4 b). 
1.0 
0 
0.8 
O.  "5 
~  0.6 
'~  0.2 
O~ 
0  0.2  0.4  0.6  0.8  i.O  1.2  1.4 
1'~. endoantiRe~  p~ecipitated 
FIG. 1.  Suis serum. 
endoantigen. 
1.6  1.8  2,0 
A, abortus endoantigen; S, ~is endoantigen; M, rnelitensis 
1.4 
1.2 
10  °  l  y  ~  0.B 
~o~" 0.6 
0.2 
0 
0  0.2  0.4 
FIo.  2.  A bortus  serum. 
melitensis  endoantigen. 
X 
/, 
~.~o 
0.6  0.8  t.0  t.z  1.~1  1.5  l.B  2.0 
l-I  g. endoantisen ?~ecipitated. 
A,  abortus endoantigen;  S,  suis  endoantigen;  M, 
The suis-melitensis  reciprocal reactions resemble each other (Table 
VIII,  Figs.  1,  3),  only in  the almost  complete inhibition and in the R.  B.  PENN-ELL  AND  I.  1  ~.  HUDDLESON  91 
initial concentrations of antigen failing to precipitate antibody.  The 
metitensis Bc-suis antiserum system appears to have a loosely com- 
bined, dissociable precipitate as evidenced by the detection of excess 
endoantigen at all dilutions, the solubility of the precipitate, and the 
gradual equivalence and inhibition zones.  But half of the antibody 
in suis antiserum is reactive to mditensis  endoantigen.  The lack of 
antibody precipitation in the initial dilutions is further evidence of the 
absence of typical mditensis antibody in the serum.  The suis Bc-mdi- 
tensis antiserum system shows unusually abrupt appearance of maxi- 
0.7 
0.6 
"6 
0 
~ 0.4 
.~0.3 
"~0.2 
O.l 
0 
0 
& 
i'//I'\ 
0.2  0.4 
Fio. 3. Melitensis serum. 
meJ/tms/s endoantigen. 
o 
,Q 
xt 
0.6  0.8  1.0  1.2  i.4  1.5  1.8  2.0  2.2 
~fg. endoai~tigen  p~ecipLtated 
A)  abartus endoantigen;  S,  suls  endoantigen;  M, 
mum precipitation and of inhibition.  It can be explained by assuming 
melitensis  endoantigen to contain a grouping which occurs much more 
abundantly in suis endoantigen, causing the latter to combine with 
melitensis  antibody  in  relatively  small  combining  units,  bringing 
about precipitation of all the specific nitrogen, and quick formation of 
the inhibition compound. 
The abortus-mditensis reciprocal reactions bear little resemblance 
to  each other  (Table VIII,  Figs.  2,  3).  The meUtensis  Bc-abortus 
antiserum  reaction  is  similar  to  the  suis  Bc-melitensis  antiserum 92  BI~UCELLA  PP~ECIPITIN  S~/STE~IS.  II 
system discussed above.  It may be explained in an analogous manner, 
i.e.,  that abortus endoantigen contains a grouping which occurs more 
abundantly in the melit~sis compound.  It is presumable that, as in 
the above system, melil~msis endoantigen can remove all of the specific 
nitrogen of abortus antiserum.  The range of maximum precipitation 
was  so  brief,  however,  that  this  could  not  be  determined experi- 
mentally.  The abortus Bc-mditensis antiserum system is very similar 
to the abortus Bc-suis antiserum system. 
Abortus endoantigen thus reacts similarly to both heterologous sera, 
whereas  suis  and  mditensis  endoantigens  behave  quite  differently 
with their heterologous sera. 
The interpretation of these cross reactions in terms of the antigenic 
structure of the brucella is not yet possible as too little is known of the 
influence of definite chemical combinations on cross precipitation.  It 
is evident, however, that while suis and abortus endoantigens are very 
similar, the three endoantigens are serologically distinct, and that these 
distinctions are displayed in quantitative cross precipitation studies 
with goat antisera. 
To apply these findings to the typing of an organism, it would be 
necessary after preparing the endoantigen to perform two precipita- 
tions in duplicate in the region of antibody excess with a calibrated 
antiserum, preferably abortus.  The precipitation  of  this  serum by 
mdi~nsis endoantigen is entirely distinct from the precipitation by 
the other two endoantigens, while the empirical equation calculated by 
plotting the antibody precipitated at the two points against the square 
root of the antigen employed would permit distinction between Br. 
suis  and  Br.  abortus endoantigens.  The  applicability of  this  pro- 
cedure using suspensions of whole organisms is being investigated. 
In the adaptation of this work to the identification of the infecting 
organism of an unknown goat antiserum, it would seem probable, from 
Figs. 1, 2, and 3, that comparison of the precipitates formed by a given 
amount of the endoantigens would be sufficient.  This has not been 
found to be the case however.  Whereas curves of the same types and 
of the same comparative relationships as those presented in the figures 
have been produced by the precipitation of other samples of the three 
brucella goat  antisera by  the  three  endoantigens,  the  curves from 
different sera are never identical.  Thus with some sera all of the R.  B.  PENNELL AND I.  1~. HUDDLESON  93 
curves are more abrupt, while with others they are more gradual.  A 
given amount of the three endoantigens may thus give varying com- 
parative precipitates with different sera of the same species of bruceUa. 
To identify an unknown brucella goat antiserum it is thus necessary 
to determine two points of the curve in the region of excess antibody 
with each of the three endoantigens, and from these points, to deter- 
mine the equation and sketch the respective curves.  The application 
of this procedure to sera other than goat, particularly to human sera is 
being  attempted. 
SUMMARY 
Quantitative cross precipitation studies with goat antisera show the 
three endoantigens of the brucella to be serologically distinguishable. 
Although the endoantigens of Br. abortus and Br. suis are very similar, 
they do not react identically, permitting the serological distinction of 
the two organisms.  These differences in cross precipitation may be 
used to identify an organism of the brucella group or to determine the 
organism responsible for a bruceUa antiserum. 
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